In addition to proper patient selection and surgical technique, computer-assisted navigation serves as a reliable tool to improve component alignment and clinical outcomes after hip resurfacing. 
Introduction
Common advantages of hip resurfacing arthroplasty have been cited as conservation of femoral bone, quick return to physical activity, and a reduced dislocation rate [1, 2, 3] . In particular, the ReCap® Femoral Resurfacing System (Biomet Inc., Warsaw, IN) has demonstrated excellent survivorship [4] , but reports indicate a larger risk of revision surgery in comparison to the more commonly used Birmingham Hip Resurfacing System (BHR; Smith and Nephew, Andover, MA) [5, 6] . In part, hip resurfacing revision rate has been attributed to dislocation and malalignment [5, 6] , which underscores the importance of proper component positioning. Indeed, malposition is associated with increased component loosening, impingement, edge loading and wear, and early dislocation [4, 7, 8] .
Computer-assisted navigation systems (CASs) are an emerging technology that can assist with component placement intraoperatively. The value of CAS in resurfacing arthroplasty has been previously demonstrated, with studies reporting accurate femoral and acetabular component placement [9, 10, 11, 12] , and a potentially reduced learning curve when compared to conventional surgical techniques [10] . However, to the best of our knowledge, the utilization of CAS with the ReCap Femoral Resurfacing System has never been described. The present report summarizes a case of resurfacing arthroplasty utilizing the ReCap Femoral Resurfacing System, in which CAS was used to assist with accurate intraoperative acetabular component positioning.
Case Report

Patient information
A 46-year-old male presented with a chief complaint of progressively worsening right hip pain over the past decade. The patient denied antecedent trauma or any hip injuries since childhood. The patient did note that he was previously very active and went running and cycling on a regular basis. However, he became limited due to pain in his groin, buttock, and thigh, which were all exacerbated by weight-bearing activities. On a day-to-day basis, the patient reported difficulty with stairs, limping while ambulating, and significant trouble getting in and out of a car. The patient's medical history was significant for a lumbar disc herniation 8 years prior, for which he underwent a microdiscectomy at L5-S1. Past medical, family and social history were otherwise unremarkable. Conservative management, including nonsteroidal anti-inflammatory medications, activity modification, and physical therapy, only provided minimal relief.
Diagnostic assessment
Initial orthopedic examination revealed the patient walking with a coxalgic gait and abductor lurch to the right. To test for anterior impingement, while lying supine, the patient's hip was internally rotated and adducted during passive flexion to 90°, which reproduced the patient's symptom of groin pain. The hip was able to internally rotate to neutral and externally rotate to 30°. On range of motion testing, abduction was 30°and the patient had 0°of adduction. Patrick's test (flexion, abduction, and external rotation) was also positive and associated with severe groin pain and restricted sacroiliac joints. There were groin and buttock pain with passive hip motion in all directions. Lower limb neurologic and vascular examination was unremarkable. Plain film radiographs revealed severe right hip osteoarthritis with bone-on-bone apposition, subchondral cysts and sclerosis (Fig. 1) . A rounded focus of ossification adjacent to the acetabulum was found, which may have reflected os acetabuli or ossified labrum. Cam-type configurations were seen bilaterally. The left hip also demonstrated moderate-tosevere joint space narrowing. Degenerative changes of bilateral sacroiliac joints were also identified. A lengthy discussion was had regarding hip resurfacing versus hip replacement; however, based on the patient's age and activity level, conservative hip resurfacing with metal-on-metal (MoM) parts was deemed an appropriate option. The patient agreed, given his desire to run at least 5 miles twice per week, competed in triathlons, and work. Risks and benefits were discussed in detail with the patient. We discussed surgical approaches to the hip joint and the rationale for a posterior approach.
Treatment
The patient was brought to the operating room and was placed on the hip table in the lateral decubitus position. The patient's surgical area was prepped and draped in the standard, sterile fashion. Two threaded pins for a minioptical navigation tool (Intellijoint HIP®, Intellijoint Surgical Inc., Waterloo, ON, Canada; off-label use) were placed into the iliac crest, approximately 2 cm posterior to the ASIS. The navigation system camera was then attached, and registration was performed. Next, a standard posterolateral incision was made through the skin and dissection was carried down through subcutaneous tissue to the underlying fascia achieving hemostasis where necessary. The posterior short external rotators were identified, and the piriformis, conjoined tendons, and quadratus femoris were detached and tagged. Following elevation of the gluteus minimus, a 360° circumferential capsulotomy was performed. The femoral disc for navigational leg length measurements was impacted onto the greater trochanter, and registration of the hip center of rotation was performed. Once the hip was dislocated, the femoral head and neck were exposed. Osteophytes from the anterior superior aspect of the femoral neck were now removed, restoring the anterior head-neck offset. The femoral head was then measured as to its diameter. The head-neck templates were placed along the posterior aspect of the femoral neck to measure the sizing. Lines were marked along the midpoint of the femoral neck in both the coronal and sagittal planes. At this point, attention was turned toward the acetabulum. The labrum, as well as the tissues from the acetabular fossa, was removed. Reaming was begun, with the plan for a 1 mm press-fit. Reaming was first directed medially and then in the desired alignment of the acetabular implant. A trial implant was impacted into place and marked as to its depth of insertion using electrocautery. The actual implant (58mm M2a-Magnum cup; Biomet Inc., Warsaw, IN, USA) was then placed on its insertion handle and impacted into place. The alignment was checked using external alignment guides, bony landmarks, and corroboration with preoperative templating. The navigation unit was then used to confirm final acetabular component position, measuring 14° of anteversion and 39° of inclination as selected by the surgeon intraoperatively. Following femoral preparation, the trial femoral implant was passed around the prepared bone to ensure adequate bone preparation and contact. With the trial femoral implant in place, the hip was reduced and the navigation device used to confirm the restoration of leg lengths, measuring 4 mm of lengthening (Fig. 2) . The hip was again dislocated and the trial head removed. It was then decided that the bone was sufficiently supportive to allow for uncemented fixation and the actual implant was impacted. The head was relocated into the acetabulum, after ensuring that there was no debris or soft tissue interposed. The capsule and short external rotators were reattached through a bony bridge in the greater trochanter. The quadratus femoris and gluteus maximus tendon insertion were also repaired. The navigation hardware was then removed. We returned the patient to the supine position. We verified that all lower extremity compartments were soft and compressible and that we had intact distal pulses. The patient was then transferred to the recovery room in stable condition.
Post-operative outcomes
Standard, pre-and post-operative AP pelvic radiographs were obtained and analyzed using TraumaCad (Brainlab, Chicago, USA). Final values for cup position and leg length were measured in triplicate and averaged. Radiographic analysis revealed a final post-operative cup position of 14.3° anteversion and 38.3° inclination on the post-operative radiograph (Fig. 3) , as well as a lengthened operative leg of 5 mm between pre-and post-operative images.
Follow-up
At 1-year post-operative, the patient was doing extremely well, demonstrating range of motion in the operative hip of 0°-120° flexion, 40° external rotation, 10° internal rotation, 40° abduction, and 10° adduction. Harris Hip Score was 91.8, with no instability in the joint and both neuromuscular and vascular examinations normal. The patient was able to walk unlimited distances, run, cycle and swim with no physical limitations.
Discussion
Hip resurfacing arthroplasty was first popularized in the 1960s but was largely limited by high rates of component wear, loosening, and failure attributed to poor materials and design [1, 13] . Decades later, technological advancements combined with MoM prostheses helped resurfacing arthroplasty regain popularity, with improved long-term survivorship results up to 7 years postoperatively [5, 6] . While surgical benefits include conserved femoral bone stock and quick return to an active lifestyle, acetabular component mal positioning can result in adverse outcomes such as edge loading, accelerated wear, impingement, instability, and loosening [4, 7, 8] . Revision surgery following resurfacing arthroplasty has been associated with malpositioned components, and the ReCap Femoral Resurfacing System, in particular, has been reported with a higher likelihood of revision than the more commonly used BHR [5, 6] . CAS has demonstrated accurate measurements of cup position during cases of BHR [10, 11, 12] and may help to reduce revision rates by improving component placement during surgery. However, utilization of CAS with the ReCap system specifically has yet to be addressed. Given these criteria, the current case report sought to examine whether computerassisted navigation during a ReCap resurfacing procedure could provide intraoperative measurements of acetabular component position with accuracy. Recent results from national joint registries have reported revision rates for the ReCap system to range between 3.4% and 8.7% at 3 years postoperatively, and between 7.8% and 12.2% at 7 years [5, 6] . In comparison, a reduced likelihood of revision for BHR was reported as 2.4% at 3 years and between 4.9% and 5.5% at 7 years. While the probability of revision surgery is higher for the ReCap system in comparison to the commonly used BHR system, a report by Gross and Liu [4] described an improved 7-year revision rate in a series of hybrid ReCap resurfacing procedures utilizing the Biomet M2a-Magnum acetabular component. Specifically, the study reported 96.7% survivorship rate for the ReCap-Magnum system (3.4% revision rate), which demonstrated an improvement in revision rate from a previously reported 5.7% [14] . Interestingly, the improved survivorship rate observed is congruent with those reported for other resurfacing systems [15, 16, 17, 18] . Correct component positioning is imperative to reducing the risk of post-operative complications that may lead to revision surgery. The present case demonstrated the ability of CAS to accurately measure cup position and leg length in a resurfacing case utilizing the hybrid ReCap-Magnum system described above. Intraoperative navigational measurements for cup position were recorded at 14° of anteversion and 39° of inclination, confirmed on post-operative radiographic analysis which revealed a final cup position of 14.3° anteversion and 38.3° inclination. Intraoperative leg length was also confirmed by the navigational tool, recording 4 mm of lengthening following final implant placement. This corresponded postoperatively with a calculated radiographic leg length measurement of 5 mm. Effectively, a pre-operative leg length differential (LLD) of 6 mm was restored to 1 mm postoperatively, and the device accurately monitored leg length throughout the procedure. The results observed in this novel report evaluating CAS utilization with the ReCap resurfacing system are consistent with several previous findings in hip resurfacing. For acetabular component positioning, the navigation tool used in the present report has previously demonstrated accuracy to within 0.7°-3° of standard radiographic measurements in cases of BHR [11, 12] . The navigation tool used in this case can also effectively monitor and restore leg length intraoperatively [12] and has demonstrated the ability to account for and monitor cases with significant LLD, as demonstrated in a previous case of complex LeggCalve-Perthes disease [19] . The present case reported acetabular component positioning accuracy between 0.3° and 0.7°, exhibiting promising results for the use of CAS in resurfacing arthroplasty performed with the ReCap system. Additionally, intraoperative leg length monitoring effectivelypredicted LLD restoration following the procedure. Limitations of the present work include the inability of the navigation tool to assist with femoral pin placement; however, this was accounted for with thorough pre-operative planning and intraoperative templating. The device was able to monitor leg length changes throughout surgery and accurately recorded leg length to within 1 mm of standard measurements. Second, this report provides a singular case regarding CAS utilization with the ReCap system. The veracity with which report conclusions can be broadly applied is minimal. However, the findings in this report present encouraging results for the integration of CAS with the ReCap system and support further clinical evaluation moving forward.
Conclusion
The current case report demonstrates accurate results utilizing novel CAS in resurfacing arthroplasty performed with the ReCap Femoral Resurfacing System. The navigational tool exhibits accurate acetabular component placement and the ability to monitor changes in leg length. This report adds favorable evidence to a growing database of navigation research in resurfacing arthroplasty; however, further clinical evidence is still required. CAS may be a beneficial tool in the armamentarium of hip surgeons performing resurfacing procedures. 
Clinical Message
Computer-assisted navigation may assist with the accuracy of acetabular component positioning during ReCap resurfacing arthroplasty.
